incidence overall (n = 4,115 cases through September 2015), and by hormone receptor subtypes, were investigated using Cox proportional hazards regression. Analyses were replicated stratified by race/ethnicity, body measurements, and physical activity. Results Among women in this study, 34.5% reported ≤ 5 h/ day sitting, 40.9% reported 6-9 h/day and 24.7% reported ≥ 10 h/day. Time spent sitting (≥ 10 vs. ≤5 h/day adjusted HR = 1.00, 95% CI 0.92-1.09) was not associated with breast cancer incidence, regardless of hormone receptor subtype. Associations did not differ by race/ethnicity, physical activity, or body measurements. Conclusions Results from this study do not support an association between sedentary time and breast cancer incidence.
Introduction
Breast cancer is the most common cancer type reported among women in the United States, regardless of race or ethnicity [1] . In 2016, an estimated 246,660 new breast cancer cases were diagnosed among U.S. women with approximately 78% diagnosed in women older than 55 years of age [2] . Modifiable lifestyle factors have been shown to influence breast cancer risk, particularly alcohol consumption, adiposity, and physical activity [3] .
Recent research indicates that sedentary time (behaviors that require little to no additional energy expenditure beyond basal metabolic rate) may be associated with increased breast cancer risk [4, 5] . Previous research suggests that the impact of sedentary behavior on health outcomes may not be due only to the absence of regular recreational physical activity [6] [7] [8] . This may be due to the fact that a person can meet recreational physical activity recommendations and still spend a large proportion of their time sedentary. Current recreational physical activity recommendations are for 150-min moderate intensity aerobic activity per week or 75-min vigorous physical activity per week for general health [9] . Cancer prevention recommendations from the World Cancer Research Fund/American Institute for Cancer Research WCRF/AICR recommend 30 min each day of moderate physical activity (e.g., brisk walking) [10] . Sedentary time accounts for a large proportion of time per day in the United States [11, 12] . Data are limited, but research suggests that sedentary time is high, regardless of race/ethnicity, but may be higher among certain racial/ethnic populations [12, 13] .
A recently published systematic review and meta-analysis observed a modest (~ 8% increase), but statistically significant, association between sedentary time and breast cancer [5] . In addition to breast cancer risk, sedentary time has also been shown to be associated with biomarkers linked with an increased risk for breast cancer, such as c-reactive protein CRP, and interleukin-6 (IL-6) [14, 15] . Breast cancer encompasses as many as 21 different histological subtypes and 4 primary molecular subtypes [16] . Evidence suggests that associations between lifestyle factors and breast cancer may differ by breast tumor subtype and race/ethnicity, but research for several lifestyle exposures in relation to subtypes remains limited and results are inconsistent [17] [18] [19] . Few studies have evaluated whether sedentary behavior is differentially associated with breast cancer hormone receptor subtypes, and results are conflicting, but suggestive of possible heterogeneity by hormone receptor subtypes [20, 21] . Among the proposed biological mechanisms by which sedentary behavior could influence breast cancer risk include adiposity-mediated pathways, the IGF-insulin pathway, and inflammation-related pathways [4] .
Previous publications from the Women's Health Initiative Observational Study (WHI-OS) suggest a relationship between sedentary time and disease outcomes [22, 23] . For example, sedentary time was shown to be associated with increased mortality in the WHI-OS, but has not been investigated in relation to breast cancer incidence [22] . In an ancillary study of the WHI, time spent sitting was evaluated in relation to several cancer-related biomarkers, including insulin-like growth factor-1 (IGF-1), IGF-binding protein-3 (IGFBP-3), CRP, and IL-6 [24] . In this cross-sectional analysis, there were no clear patterns of association, but results indicated that associations may differ by race/ethnicity and physical activity levels. Further research is needed to clarify the relationship between sedentary time and breast cancer risk, including whether there are differences by tumor subtypes or race/ethnicity and the role of obesity and recreational physical activity. To address these research gaps, we evaluated the prospective association between sedentary time and breast cancer incidence and whether associations differed by race/ethnicity, hormone receptor subtypes, physical activity levels and body measurements, in postmenopausal women in the WHI-OS.
Materials and methods

Study population
The WHI-OS is a prospective cohort of 93,676 postmenopausal women between the ages of 50 and 79 years at study entry (1994) (1995) (1996) (1997) (1998) . Women were enrolled at 40 U.S. clinical centers throughout the county. Details about the study design, recruitment, enrollment, and data collection procedures have been outlined in depth in a previously published report [25] . All women provided written and informed consent, and the study protocol was approved by the institutional review boards at each study center.
Data collection
At the baseline clinic visit, participants completed selfadministered questionnaires on demographics, medical history, medication usage, smoking habits, recreational physical activity, sedentary time, diet, and other lifestyle-related factors. Height, weight, waist circumference (WC), and hip circumference were also measured at this visit using a standardized protocol. Measured height and weight were used to calculate body mass index (BMI) (kg/m 2 ). Waist-to-hip ratio (WHR) was calculated from waist and hip circumference measurements. Weight gain since age 18 was computed by subtracting current weight from weight at age 18.
Sedentary time was assessed at baseline by the following two questions: (1) "During a usual day or night about how many hours to you spend sitting? Be sure to include the time you spend sitting at work, sitting at the table eating, driving or riding in a car or bus, and sitting up watching TV or talking." and (2) "During a usual day or night, about how many hours do you spend sleeping or laying down with your feet up? Be sure to include the time you spend sleeping or trying to sleep at night, resting, napping, and lying down watching TV." Participants had eight time categories to choose, ranging from < 4 to ≥ 16 h/day and were not asked about a specific timeframe for these behaviors, but were prompted that they were being asked "about some of your usual activities." In addition to time spent lying down, women were queried about how many hours of sleep they had on a typical night over the previous 4 weeks. To calculate total sedentary time, hours spent sleeping were subtracted from hours spent lying down. The intra-class correlation coefficient (ICC) for time spent sitting, lying, and sleeping combined is 0.60; however, the individual measures (e.g., sitting time only) have not been evaluated separately [25, 26] .
Physical activity was collected via a series of questions on recreational time spent walking and engaged in mild, moderate, and strenuous physical activity. Metabolic equivalents (MET) were estimated based on energy expenditure (intensity of activity) for each activity. Participants' MET-hours/week were calculated by summing activity frequency*(minutes per session/60 min. per hour)*MET for activity (kcal per kg*hour). Total recreational physical activity METs were summed from calculated METs for each activity type (walking, mild, moderate, and strenuous). Recreational moderate and strenuous physical activity levels (defined as MET ≥ 4.0) were categorized into a four-level variable as follows: no activity = no moderate or strenuous recreational physical activity; Low = some moderate or strenuous recreational physical activity of limited duration, frequency or intensity; 3 = moderate or strenuous activity of at least 20-min duration 2-< 4 times per week; high = moderate or strenuous activity of a least 20-min duration ≥ 4 times per week. In addition to recreational physical activity, time spent doing heavy indoor chores (examples: scrubbing floors, sweeping, vacuuming) and yard work (examples: mowing, raking, gardening, shoveling snow) was ascertained. MET-hours/week were estimated for these activities and summed with recreational physical activity levels to compute combined physical activity. ICC for physical activity measures range from 0.51 for mild recreational activity to 0.77 for moderate to strenuous physical activity [25, 26] .
Questionnaire data were additionally collected on potential covariates including race/ethnicity, education, family history of breast cancer, non-steroidal anti-inflammatory drugs (NSAIDS), parity, age at menarche, mammogram frequency, smoking, alcohol intake, menopausal hormone therapy usage and diet. Healthy Eating Index 2005 scores (HEI 2005 Score) for participants were calculated using data from a 122-item food frequency questionnaire developed for WHI [27] . Daily individual nutrient and food servings were estimated using the Nutrition Data Systems for Research (2005 version, University of Minnesota, Minneapolis, MN). MyPyramid Equivalents were then calculated using the MyPyramid Equivalents Database (version 2.0, U.S. Department of Agriculture, Beltsville, Maryland). Diet quality scores were then generated as previously described with a higher score indicating better diet quality (maximum score = 100) [28, 29] .
Analytic cohort
Women with a previous history of breast cancer or other cancer (excluding non-melanoma skin cancer) or missing data on cancer history at baseline were excluded from the present analysis (n = 13,037). Women with missing data on exposures of interest, including time spent sitting, time spent lying down, and time spent sleeping were also excluded (n = 1,034). Additionally, women missing data on race/ ethnicity (n = 214), follow-up time (n = 388), or covariates (n = 8,770) used in final models were excluded for a final analytic sample size of 70,233. The majority of the women excluded for missing covariate data were missing either family history of breast cancer or pack-years of smoking.
Case ascertainment
Invasive breast cancer cases in the WHI-OS were identified via an annual health status questionnaire or by cause of death reports [30] . Medical records were then collected and reviewed by trained WHI physician outcome adjudicators to verify self-reported primary breast cancer diagnoses. Records were reviewed for primary cancer site, sub-site, date of diagnosis, extent of disease (e.g., stage, tumor size), tumor morphology (e.g., grade, histology), and hormone receptor status and were then coded using SEER coding guidelines [31] . In this analytic cohort, 4,115 adjudicated invasive breast cancer cases were identified from baseline through September 30, 2015. In hormone receptor analyses, hormone receptor positive (HR+) is defined as breast tumors that were estrogen receptor and/or progesterone receptor positive (n = 3,333) while women negative for both estrogen and progesterone receptors were classified as hormone receptor negative (HR−) (n = 782). There were 265 cases with missing or unknown/not tested hormone receptor status. A total of 299 triple-negative breast cancer cases were identified among women with HR− tumors. HER2/neu status was not ascertained in early study years; as a result, there were 1,060 breast cancer cases with missing or unknown/not tested HER2/neu status.
Statistical analysis
Univariate associations between time spent sitting, total sedentary time and potential confounding and stratifying variables were evaluated using Wald Χ 2 tests. Unadjusted and adjusted associations between time spent sitting, total sedentary time, and breast cancer incidence were evaluated using Cox proportional hazards regression. Person-time accrued from baseline until breast cancer occurrence, loss to followup, death or until end of follow-up (2015).
Time spent sitting and total sedentary time were evaluated continuously and categorically (≤ 5, 6-9, ≥ 10 h/day). These cut-points were chosen for consistency with previous WHI-OS analyses and to allow sufficient numbers per category for stratified analyses [23] . More than 10% (n = 15,925) of the analytic cohort reported fewer total hours lying down (which included time spent sleeping) than actual hours slept per night resulting in negative total sedentary time for 1,881 women. Analyses were run excluding these women and including these women with an assigned value of 0. Results did not differ, so presented results are from analyses in which women were assigned a value of 0. We evaluated both time spent sitting and total sedentary time to be consistent with previous WHI-OS reports that investigated total sedentary time [22] [23] [24] 32] . However, results did not differ when using total sitting time compared to estimated total sedentary time as the measure of sedentary time exposure. Given the similar results and the limitations of the estimated total sedentary time, only results for total sitting time are presented.
Confounding variables included in adjusted models were selected based on associations with both sedentary time and breast cancer risk. All adjusted models included the following covariates: age (continuous), region (Northeast, South, Midwest, West), race/ethnicity (non-Hispanic White, nonHispanic Black, Hispanic, Asian, Other), education (≤ high school/GED, some college/associate degree, ≥college graduate), NSAID usage (yes/no), BMI (≤ 18.5, > 18.5-< 25, ≥ 25-<30, ≥ 30-< 35, ≥ 35-< 40, ≥ 40 kg/m 2 ), parity (nulliparous, 1-2, ≥ 3 children), recreational physical activity (no activity, low, moderate, high), mammogram frequency over past 5 years (none, 1, 2, 3, 4, ≥ 5), pack years smoking (never, < 5, 5-< 20, ≥ 20), alcohol intake (non-drinker, < 1/ week, 1-< 7/week, ≥ 7 drinks/week), unopposed estrogen (never, past, current user), estrogen + progestin (never, past, current user), HEI 2005 Score (Quartiles).
To assess whether associations varied by hormone receptor subtype, analyses were replicated with breast cancer subtype as the outcome [hormone receptor positive (HR+), hormone receptor negative (HR−), triple negative]. Analyses were also replicated stratified by race/ethnicity to investigate possible racial or ethnic differences in observed associations. In analyses stratified by race/ethnicity, groups evaluated were non-Hispanic White, non-Hispanic Black, Hispanic, and Asian. Sample size was too small to evaluate other racial/ethnic groups. Women who listed another race/ethnicity were excluded from the stratified analysis (n = 1,052). Tests for multiplicative interaction between time spent sitting or total sedentary time and race/ethnicity were evaluated by including a cross-products term in Cox proportional hazards regression models.
Sedentary time, physical activity levels, and body measurements are interrelated, which complicates interpretations of relative contributions for each individual factor on breast cancer risk [4, 9, 33] . It is also possible that exposure to the combination of more than one of factors could interact to differential influence breast cancer risk. To assess possible interactions between sitting time, physical activity levels and body measurements analyses evaluating time spent sitting and breast cancer incidence were replicated stratified by physical activity levels and body measurements. Physical activity was evaluated as moderate and strenuous recreational physical activity (no activity, low, moderate, high), total recreational physical activity (no activity, > 0-10, > 10-20, > 20 MET-h/week), walking (no activity, > 0-3.75, > 3.75-7.5, > 7.5 MET-h/week), and combined physical activity (≤ 13.5, > 13.5-25.85, > 25.85-43.1, > 43.1 MET-h/ week). Chosen cut-points for MET-hours/week were based on 25th, 50th, and 75th percentiles. The reference groups from both recreational physical activity and walking were participants who reported no activity. The reference group for combined physical activity differs because no women reported no activity, so the lower 25th percentile was chosen as the reference. Body measurements evaluated were current BMI (< 25, 25-< 30, ≥ 30 kg/m 2 ), weight gain since age 18 (< 10, 10-< 25, ≥ 25 kg), WHR (< 0.77, 0.75-< 0.85, ≥ 0.85), and WC (< 80, 80-88, ≥ 88 cm). Standard health cut-points were used for BMI, WHR, and WC [23, 34, 35] . Due to the limitations with total sedentary time, overall similarities in assigned categories for total sitting time compared to total sedentary time, and lack of difference in study conclusions we present results stratified by physical activity and body measurements for total sitting time only. Tests for interaction between time spent sitting/total sedentary and race/ethnicity, physical activity or body measurements were evaluated by including a cross-products term in Cox proportional hazards regression models.
In an ancillary study in the WHI-OS, associations between time spent sitting and cancer-related biomarkers differed by menopausal hormone therapy usage [24] . Therefore, additional analyses were conducted to evaluate associations between sitting time and breast cancer incidence by estrogen and combined estrogen + progestin hormone therapy usage. Associations did not differ and results are not presented. Excluding invasive breast cancer cases diagnosed within the first 2 years of baseline did not change study results, so presented analyses include all cases diagnosed after baseline. All analyses were conducted using SAS 9.3 (SAS Institute, Inc. Cary, NC). Two-sided p values are reported, and a p value < 0.05 was considered statistically significant.
Results
Population characteristics by total sitting time are presented in Table 1 . The largest number of women reported typically sitting between 6 and 9 h per day (40.9%), followed by ≤ 5 h/day (34.5%) and ≥ 10 h/day (24.7%). In the overall population, total time spent sitting (≥ 10 vs. ≤5 h/ day adjusted HR = 1.00, 95% CI 0.92-1.09) was not associated with postmenopausal breast cancer risk (Table 2) . When stratified by race/ethnicity, total sitting time was not associated with breast cancer risk among non-Hispanic White (≥ 10 vs. ≤5 h/day adjusted HR = 1.01, 95% CI 0.93-1.11), non-Hispanic Black (≥ 10 vs. ≤5 h/day adjusted HR = 0.91, 95% CI 0.62-1.31) or Hispanic (≥ 10 vs. ≤5 h/ day adjusted HR = 0.82, 95% CI 0.47-1.43) women evaluated categorically or continuously. Among Asian women, there was a suggestive inverse association between sedentary time and breast cancer incidence (≥ 10 vs. ≤5 h/day adjusted HR = 0.60, 95% CI 0.33-1.07), which was statistically significant when evaluated continuously (per-unit increase, adjusted HR = 0.86, 95% CI 0.75-0.98). However, numbers in the strata for Hispanic and Asian women were small and should be interpreted with caution. Additionally, when accounting for multiple comparisons, results would no longer be considered statistically significant. Tests for interaction between race/ethnicity and sedentary time were not statistically significant (data not presented). Time spent sitting was also evaluated in relation to breast cancer tumor subtypes and was not associated with breast cancer incidence, regardless of hormone receptor (HR+, HR−, triple negative) subtype (Table 3) .
Associations between time spent sitting and breast cancer incidence were additionally evaluated across levels of physical activity (Table 4 ) and measures of body composition (Supplementary Table 1 ). When stratified by typical METhours/week spent walking (p-interaction = 0.98) or total physical activity MET-hours/week (p-interaction = 0.30) total time spent sitting and breast cancer incidence were not associated and did not differ by activity category. However, when evaluating levels of moderate and strenuous recreational physical activity, total sitting time was positively associated with breast cancer risk among women with the highest reported levels of activity (≥ 10 vs. ≤5 h/day adjusted HR = 1.24, 95% CI 1.07-1.44) (p-interaction = 0.009). Similarly, total sitting time was positively associated with breast cancer incidence among women who reported engaging in > 20 MET-h/week of total recreational physical activity (≥ 10 vs. ≤5 h/day adjusted HR = 1.32, 95% CI 1.12-1.56) (p-interaction = 0.002). When adjusted for multiple comparisons, the tests for interaction are no longer statistically significant. There was not a statistically significant relationship between total sitting time and breast cancer incidence, regardless of current BMI (p-interaction = 0.31), weight gain since age 18 (p-interaction = 0.94), WHR (p-interaction = 0.60) or WC (p-interaction = 0.95) category (available online in Supplementary Materials).
Discussion
In this large prospective cohort of postmenopausal women, sedentary time was not associated with overall invasive breast cancer risk or hormone receptor-specific breast cancer subtypes. In general, associations between sedentary time and breast cancer incidence did not differ by race/ethnicity, physical activity levels or body measurements.
Results from the present study differ from the findings in a recent meta-analysis that found a modest positive association between sedentary time and breast cancer [5] . Most studies in this review evaluated either occupational sitting or time spent watching television and not combined activities. In the present study, sedentary time was estimated from two general questions about time spent sitting or lying down with no differences in observed associations when sitting time was evaluated alone or when adding time spent lying down to sitting time. This differences between the present result and previous results could be related to differences in study populations or the data collection approach for ascertaining sedentary time.
As noted previously, sedentary time is not necessarily indicative of lack of physical activity. A person may meet recreational physical activity recommendations, but still engage in high levels of sedentary time. Current research suggests that sedentary behavior is associated with an increased risk for chronic disease, including breast cancer, independent of recreational physical activity [6-8, 21, 36] . In our study, time spent sitting was generally unassociated ), parity (nulliparous, 1-2, ≥ 3 children), recreational physical activity (no activity, low, moderate, high), mammogram frequency over past 5 years (none, 1, 2, 3, 4, ≥ 5), pack years smoking (never, < 5, 5-< 20, ≥ 20), alcohol intake (non-drinker, < 1/week, 1-< 7/week, ≥ 7 drinks/week), unopposed estrogen (never, past, current user), estrogen + progestin (never, past, current user), HEI with breast cancer incidence regardless of physical activity levels; however, among women who reported the highest levels of physical activity, time spent sitting was positively associated with breast cancer incidence and tests for interaction were statistically significant. Reasons for this observed association may be due to chance, residual confounding or that women who engage in high levels of recreational physical activity counter these activities by also engaging in prolonged sedentary time. Additionally, this may be a chance association due to multiple comparisons. Sedentary time may be associated with metabolic dysfunction and inflammation both independently and through its role in weight gain, which could increase risk for breast cancer [4, 14, 15, 37, 38] . Hypothesized mechanisms are similar to those for lack of physical activity, and increasing recreational physical activity levels is often targeted to compensate for the increased time spent engaged in sedentary activities and to counteract the prevalence of obesity [9, 33] . Sedentary time is associated with greater fat mass, but it remains unclear whether sedentary behavior influences breast cancer risk independently or via body composition only [4] . In the present analysis, sitting time was not associated with breast cancer incidence and interactions between sitting time and body measurements were not observed. Associations between sedentary time and metabolic dysfunction [4, 15, 39, 40] and inflammation-associated biomarkers [4, 14] have been reported. A recent study also reported that sedentary behavior was associated with higher urinary levels of estrogens and methylated catechols [41] .
Previous analyses in the WHI-OS suggest that sedentary time may be associated with chronic disease outcomes [22] [23] [24] 32] . Time spent sitting was reported to be associated with all-cause, cardiovascular disease, coronary heart disease and cancer mortality, independent of recreational physical activity [23] . In another analysis, total sedentary time was associated with increased cardiovascular disease, coronary heart disease, and cancer mortality [22] . In a subsample of the WHI-OS (n = 755), time spent sitting per day was associated with cancer-related biomarkers, but patterns of associations were not clear and varied by race/ethnicity, levels of physical activity and estrogen hormone use [24] . In the only previous study to evaluated associations between sedentary time and cancer risk in the WHI-OS, sitting time was not associated with lung cancer risk [32] .
This study had several strengths, including the prospective design and the large, multiethnic and geographically diverse study population. The study had sufficient sample size and numbers of breast cancer cases to evaluate associations between sedentary activities by hormone receptor subtypes, by race/ethnicity and across levels of physical activity and body measurements. While hormone receptor data were available for most invasive breast cancer cases, HER2/neu status was not ascertained in the early years, so these data are missing for a large number of cases. Although we had sufficient numbers to evaluate in several racial/ethnic groups, numbers were limited for some groups, which may result in spurious associations and may have contributed to the observed inverse associations in Hispanics and Asians. Additional limitations of this study include the collection of data using self-report questionnaires and the two broad questions used to ascertain sedentary time rather than objective measures or more detailed questions regarding sedentary behaviors. Recent research suggests that it may be the pattern of sedentary time rather than only overall sedentary time that may influence health outcomes [36] . For example, prolonged sitting for a 4-h time period compared to sitting for most of a 4-h time period, but getting up to walk for 10 min each hour. In this study, total sedentary time was estimated from reported time spent sitting and time spent laying down with time spent sleeping subtracted from time spent lying down, however, several participants reported more time sleeping than lying down, which suggests possible misreporting for one or both of these variables. In the WHI study population, reliability for self-reported levels of physical activity and combined time spent sitting and lying down have previously been reported, but validity has not been assessed [25, 26] . However, validity for recreational physical activity has been assessed in breast cancer patients with a correlation of 0.73 with accelerometer data [42] and physical activity measures and time spent sitting have been associated with other outcomes in expected directions [22, 23] . Repeatability of sedentary questions tends to be high, but research suggests that current methods likely underestimate sedentary time, either because participants underreport inactivity and/or current assessment methods do not fully capture all types of sedentary activities [4] . However, research using objective measures, such as accelerometer data, has generally reached similar conclusions that sedentary time is associated with increased chronic disease risk [14, 36, 43] .
Results from this study do not support an association between sedentary time and breast cancer incidence. Given findings from previous research, however, this possible risk factor for breast cancer risk warrants further research. Studies evaluating objectively measured sedentary time in relation to breast cancer risk, breast tumor subtypes, and breast cancer-associated biomarkers could help clarify this relationship.
